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ABSTRACT 



A method for inspecting a component of a gas turbine 
engine or the like having a plurality of similarly shaped 
structural portions, such as the gear teeth of a gear, the 
dovetail slots of . a turbine disk or the like, includes the 
steps of: scanning a surface of at least one of the simi- 
larly shaped structural portions with an eddy current 
probe to induce eddy currents in the component; gener- 
ating a two-dimensional image of the at least one por- 
tion from eddy current signals received during scan- 
ning, the image including a multiplicity of pixels ar- 
ranged in a two-dimensional array and each pixel hav- 
ing a gray scale intensity responsive to the eddy current 
induced in the component at a component location 
corresponding to a position of the pixel in the matrix 
array; preprocessing the image to substantially reduce 
any signals or changes in the gray scale intensity of any 
pixels relative to the background pixel intensities of the 
image caused by geometrical characteristics and back- 
ground noise common to all similarly shaped structuaral 
portions; identifying any suspected defect regions from 
the preprocessed image; determining a defect signal for 
each suspected defect region; and rejecting the compo- 
nent if any defect signal exceeds a predetermined refer- 
ence value. 
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METHOD FOR INSPECTING COMPONENTS 
HAVING COMPLEX GEOMETRIC SHAPES 

SUMMARY OF THE INVENTION 

BACKGROUND OF THE INVENTION 5 It is, accordingly, a primary object of the present 
The present invention relates to the inspection of invention to provide a novel method for inspecting a 
components and, more particularly, to an improved turbine engine component having a complex geo- 
method for automatically inspecting gas turbine engine metric shape which is not subject to the foregoing dis- 
oomponents having complex g eo met ric shapes using advantages. i 
eddy current techniques. 10 It is another object of the present invention to pro- 
Eddy current inspection is a commonly used tech- vide a novel method for inspecting gas turbine engine 
nique for detecting discontinuities or flaws in the sur- components which has a high probability of detecting 
face of a gas turbine engine component Eddy current flaws and is capable of distinguishing between geomet- 
techniques are based on the principle of electromag- ric features of the component and actual defects or 
netic induction in which eddy currents are induced 15 cracks in the component to mtntmiw false indications, 
within the material under inspection. Eddy currents are It is a further object of the present invention to pro- 
induced in a test specimen by alternating magnetic fields vide a novel method for inspecting a gas turbine engine 
created in the coil of an eddy current probe when the component which can be automated and can be easily 
probe is moved into proximity with the component integrated into a production environment, 
under test. Changes in the flow of eddy currents are 20 jn accordance with the present invention, a method 
caused by the presence of a discontinuity or a crack in f or inspecting a component of a gas turbine engine or 
the test specimen. The altered eddy currents produce a the Hke having a plurality of similarly shaped structural 
secondary field which is received by the eddy current portions, such as the gear teeth of a gear, the dovetail 
probe coil or by a sensor coil in the eddy current probe aots of a turbine disk or the like, includes the steps of: 
which converts the altered secondary magnetic field to 25 gQjuming a surface of at least one of the similarly shaped 
an electrical signal which may be recorded on a strip structural portions with an eddy current probe means to 
chart An eddy current rnachme operator may then ^ events in the component; generating a 
detect and size flaws by momtormg and readmg the two^ensional image of the at least one portion from 
^^^°^!l? e , StnP ^iS!™ °Lf ^ m «idy current signals received during scanning, each 
^tn^holr' 1 eXCeC£ ^ a P1&letermme6 30 image mcludmgVmultiplicity of pixels arranged in a 
p^f^T,* ^ - ♦ m ^t lrt j e c^c. two-dimensional array and each pixel having a gray 

p 5^ ^ dy ^ TTeaX mSpeC **° n ^*^™? rk scale intensity responsive to the eddy current induced in 

factorily when the components under inspection have ^ , \T 

simple geometrical shaped such as holes, flat plates or * e <W««t* a component location corresponding 
the like. However, when the component under test has 3 5 to a V™* 0 * of the pixel m the matrix array; preprocess- 
a complex geometrical shape, such as the dovetail slots m S ^ to ^tantially 'educe or cancel out any 
of a high pressure or low pressure turbine disk, fan disk, 01 changes m the gray scale intensity of any 

high pressure compressor disk, teeth of a gear or the P kels relative to the background pixel intensities in the 
like, the complex geometry of these components such as ixoa ^ e caused by geometrical characteristics and back- 
edges, transitions between convex, concave and flat 40 Pound noise common to all similarly shaped structural 
regions, produces contributions to the eddy current portions; identifying any suspected defect regions from 
signals which make it difficult to distinguish between me preprocessed image; deterrnining a defect signal for 
defects and non-defects. each suspected defect region; and rejecting the compo- 

A presently used method of detecting cracks or de- nent tf defect signal exceeds a predetermined refer- 
fects in a complex gas turbine engine component in- 45 ence va * ue - 

volves scanning a portion of the surface of the complex These and other objects of the present invention, 
component with an eddy current probe and converting together with the features and advantages thereof, will 
the received eddy current signals to a two-dmiensional become apparent from the following specification when 
digital image. The two-dimensional image is then read with the accompanying drawings, 
matched or compared to a chosen template by known 50 krtrf DESCRIPTION OF THE DRAWINGS 
image analysis techniques, such as convolution, to de- 
tect a defect or flaw. The template is chosen according FIG. 1 is a schematic diagram of an automated eddy 
to the active region of the eddy current probe as well as current surface flaw detection system in accordance 
the size and shape of the defects desired to be detected. with the present invention. 

The i mag p analysis matching technique will detect a 55 FIGS. 2A and 2B are a flow graph of the automated 
defect only if the size and shape of the defect corre- eddy current surface inspection method in accordance 
spend substantially to that represented by the chosen with the present invention. 

template. Different templates must, therefore, be used FIG- 3 is an illustration of a portion of a two-dimen- 
for detecting defects of different sizes and shapes. In sional digital image showing the individual picture ele- 
V order for this detection process to be independent of 60 ments or pixels. 

I defect size and shape, too numerous a number of tern- FIG. 4 is an illustration of a 7x3 digital filter in ac- 

I plates would have to be compared to the two-dimen- cordance with the present invention. 

I sional image to detect all possible flaw sizes and shapes FIG. 5 is an illustrated example of a binary image 

V that may be present; such a process would be computa- generated from a gray scale image by thresholding. 

Itionafly impractical. Thus, the template matehing tech- 65 FIG. 6 is an illustration of a 9x2 digital filter in ac- 

\nique can result in erroneous results if the template does cordance with the present invention. 

not correspond substantially to the defect and the tech- FIG. 7 is an illustrated example of a two-dimensional 

nique is inefficient because of the large catalog of tern- digital image which has been processed for calculating 
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a Symmetrical Coefficient and an Integrated Signal for two-dimensional digital image of each of the three 
each suspected region which may contain a defect dovetail slots 14, blocks 48, 50 and 52. Each of the 

FIG. 8 is a probability of detection (POD) plot for a two-dimensional images includes a multiplicity of pic- 
dovetail slot of a gas turbine engine disk made from ture elements or pixels 54 as illustrated in FIG. 3. The 
Rene 88 material. 5 pixels 54 are usually arranged in uniform columns and 

DETAILED DESCRIPTION OF THE towslofomaaX-Vnuta tm^mmt. Each of to 

PREFERRED EMBODIMENT !S£'2StSKfi£iZ2S8 

Referring initially to FIG. 1, an automated eddy cur- slot surface represented by the particular pixel 54 or 
rent surface flaw detection apparatus 10 for inspecting a 10 group of pixels; thus, changes in the gray scale intensity 
workpiece 12, such as the gear teeth of a gear, dovetail of the pixels. 54 making up each of the three images 
slots 14 of a gas turbine engine disk or the like, is illus- results from local changes in each of the three dovetail 
trated. For purposes of convenience, the present inven- slots 14 caused by the induced eddy currents. Changes 
tion will be described with respect to inspecting the in the component geometry such as edges, transitions 
dovetail slots 14 of a gas turbine engine disk 12; al- 15 between convex, concave and Oat surfaces, other sur- 
though, those skilled in the art will recognize that the face anomalies and flaws or defects will cause local 
present invention could equally be used to. inspect any changes in the eddy current signal which results in 
workpiece having a complex geometry which repeats differences in the gray scale intensities (Uj) of the pixels 
or includes a plurality of similarly shaped portions, such composing the two-dimensional digital images at those 
as the gear teeth of a gear or the dovetail slots 14 of a 20 locations in the image corresponding to where the part 
turbine disk 12. geometry changes or where a defect or flaw is located. 

The turbine disk 12 is mounted on a fixture 16 of eddy Prior to scanning the three dovetail slots, the eddy 
current apparatus 10 to hold disk 12 in place during current probe is preferably calibrated using a known 
inspection. Apparatus 10 further includes a differential test block which contains flaws or defects of substan- 
eddy current coil/probe 18, such as a GE ECII as man- 25 tially the same dimensions and shape as those expected 
ufactured by the General Electric Company, a PS-4 as to be encountered during inspection of the component 
manufactured by Nortech, Incv or the like. Eddy cur- 12. Calibrating the eddy current probe ensures that the 
rent probe 18 may also be a probe array such as that eddy current voltage will remain within a selected 
disclosed in co-pending patent application Ser. No. range during component inspection so that the results 
07/696,455 (RD-20,138), entitled 4, Eddy Current Probe 30 will be uniform and reliable for the inspection of each 
Arrays", filed May 6, 1991, and assigned to the same dovetail slot 14 of component 12. 
assignee as the present application. Eddy current probe A test slot or slot under inspection, a first reference 
18 is mounted to a probe manipulator 20 which moves slot and a second reference slot are selected from the 
probe 18 within dovetail slot 14 to substantially com- three dovetail slots 14 which were scanned as indicated 
pletely scan the interior of slot 14 during inspection. 35 in block 56 of FIG. 2A. The two-dimensional digital 
The manipulator 20 is preferably a 6-axis manipulator image of the slot under inspection, now referred to as 
such as a Unidex as manufactured by Aerotech Inc., or the test slot image, block 60, is preprocessed to substan- 
tia like. Eddy current probe 18 is electrically connected tially reduce any signals or changes in the gray scale 
to an eddy current instrument 22 by a data link 24. Eddy intensity of any pixels relative to the background pixel 
current instrument 22 generates electrical signals re- 40 intensities in the image caused by geometrical charac- 
sponsive to the eddy currents induced within the sur- teristics, such as edges, transitions between convex, 
face of dovetail slot 14 during scanning of the slot by concave and flat regions or the like, or background - 
probe 18. The electrical signals generated by eddy cur- noise common to all slots. Preprocessing the test slot 
rent instrument 22 are received by an analog to digital image includes subtracting the two-dimensional digital 
(A/D) converter 26 over data communications link 28. 45 image of the first reference slot, now referred to as the 
A/D converter 26 may be a DVME 60 IE, as manufac- first reference image, block 58, from the two-dimen- 
tured by Datel or the Hke which converts the analog sional test slot image 60, to provide a first resulting 
eddy current signals to digital signals which can be image at block 62, and also subtracting the twcndimen- 
stored and processed by a central processing unit (CPU) sional image of the second reference slot, now referred 
30 to generate a two-dimensional digital image of dove- 50 to as the second reference image, block 64, from the test 
tail slot 14. The digital signals are transmitted from image 60 to provide a second resulting image at block 
A/D converter 26 to CPU 30 by a communications link 66. The images are subtracted by subtracting the gray 
32. The two-dimensional digital images may be dis- scale intensities of the corresponding pixels in each 
played on a video monitor 34. Computer 30 is also inter- image. For example, referring to FIGS. 2A and 3, In of 
connected to probe manipulator 20 by a communica- 55 the first reference image 58 would be subtracted from 
tions link 36 to control the scanning of the dovetail slots Ii i of the test image 60, In of the first reference image 
14. A keyboard 38 is provided to facilitate operator 58 would be subtracted from 1 12 of the test slot image 60 
control of the inspection of disk 12 and a printer 40 may and so forth for each of the pixels 54 in the first refer- 
be provided to generate hard copies of the images. ence image 58 and test slot image 60 to provide the first 

Referring now to FIGS. 2A and 2B, in accordance 60 resulting image 62. Similarly, In of the second reference 
with the present invention, three dovetail slots 14 are image 64 would be subtracted from In of the test slot 
each substantially completely scanned with the eddy image 60, 1 12 of the second reference image 64 would be 
current probe 18 of device 10 as indicated by blocks 42, subtracted from 1 12 of the test slot image 60 and so forth 
44 and 46 in FIG. 2A As previously discussed, A/D for each of the pixels 54 of the second reference image 
converter 26 converts the analog eddy current signals 65 64 and test slot image 60 to provide the second resulting 
from eddy current instrument 22 to digital signals image 66. Subtracting the images causes geometric fea- 
which are stored by CPU 30 and combined after the tures which are common to all slots to substantially 
scanning operation of each dovetail slot 14 to provide a cancel out in the resulting images 62 and 66. A copy of 
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at least one of die first or second resulting images 62 or ing a logic 1 (or logic 0 depending upon whether it is 
66 is stored for use in a subsequent step. desired that the suspected defects be represented in the 

Each of the first and second resulting images 62 and binary image as a white area with a black background 
66 are then preferably filtered, blocks 68 and 70 in FIG. or as a black area with a white background) to those 
2A, to reduce any noise signals present in the resulting 5 pixels 54 in the first and second filtered images 72 and 74 
images and to enhance any signals that may be caused having a gray scale intensity greater than or equal to the 
by a defect The filtering is preferably accomplished by selected threshold intensity value and by assigning a 
image convolution using a 7x3 digital filter as shown in logic 0 (or logic 1) to those pixels 54 in each of the first 
FIG. 4 to provide respective first and second filtered and second filtered images 72 and 74 which have a gray 
images, blocks 72 and 74 in FIG. 2A. The 7X3 digital 10 scale intensity less than the selected threshold value. A 
filter matrix values of FIG. 4 were determined by ap- sample configuration includes a threshold value of 
plying the method of the present invention to test about 600 millivoltsiinchesiwhich may be used for de- 
blocks having defects or flaws formed therein with tecting defects of about 4 mils in a dovetail slot of a gas 
known dimensions and shapes similar to those which turbine engine disk with a POD of about 95% and a 
would desirably be detected in the surface of a dovetail 15 confidence level of about 50%. The specific configura- 
slot 14 of a gas turbine engine disk 1Z The filter matrix tion is system dependent relying for example upon sys- 
vames of FIG. 4 were selected to provide superior tern gain. 

dovetail slot inspection results when detecting defects The first and second binary images 76 and 78 are 
in the slots as small as about 4 mils with a probability of combined by performing a logic AND operation 80 to 
detection (POD) of about 95% and a confidence level 20 provide a composite binary image 82. An example of a 
of about 50%. The matrix values shown in FIG. 4 may composite binary image 82 is shown in FIG. 5. Because 
be different depending, for example, upon the geometry • of the nature of the logic AND operation 80 in FIG. 
of the component being inspected, the size of the defect 2A, a gap or hole may be created in the composite 
desired to be detected and the desired POD and confi- binary image 82. A 9x2 digital filter 84 such as that 
denoe leveL Superior filter values can, therefore, be 25 shown in FIG, 6 may be applied to the composite binary 
determined by inspecting test samples with known de- image, as indicated in FIG. 2A, to fill in gaps or holes 
fects or cracks. created during the AND operation 80. 

In another embodiment of the present invention, the If a logic 1 was selected during the thresholding oper- 
ffltering in blocks 68 and 70 may be accomplished by ations 76 and 78 to identify those pixels 54 having a gray 
image convolution using a set of electrical signals corre- 30 scale intensity greater than or equal to a selected thresh- 
sponding to apriori defect feature information charac- old value to identify those regions or sections in the 
teristic of the defects desired to be detected. A plurality composite binary image 82 which may contain a defect 
of template means or filters may be provided with each or crack, then those regions or sections of the composite 
template means embodying at least one predetermined binary image 82 which contain a cluster or grouping of 
apriori defect signal feature and each of the template 35 pixels 54 with predominately all pixels having a logic 1 
means being predetermined to select at least one specific value are identified as regions of interest which may 
defect signal feature from each of the resulting images contain a flaw or defect, block 85 in FIG. 2B. Fox exam- 
62 and 66. Selected template means may be compared pie, referring to FIG. 5, three regions of interest, which 
individually, by image convolution, to each of the re- may contain a defect, are each bounded by a chain line 
suiting images 62 and 66 to comparatively extract re- 40 indicated by reference numerals 86, 88 and 90, respec- 
spective apriori features from each resulting image. The tively. 

desired defect features are comparatively extracted by Regions of interest or suspected defect regions corre- 
calculating a respective correlation coefficient between sponding to the regions 86, 88 and 90 in the composite 
the defect signal feature, characterized in the particular binary image are identified in either the first or second 
template means being compared, and the signals corre- 45 resulting images 62 or 66 of FIG. 2A as indicated in 
sponding to each of the resulting images 62 and 66. block 91 of FIG. 2B. FIG. 7 is an illustration of one of 
Depending upon the value of the correlation coefficient . the two two-dimensional digital images 62 or 66 result- 
a distinction can be made between those signals in the ing from subtracting each of the first and second refer- 
resuhing images which may represen t an actual defect ence images 58 and 64 from the test image 60 as indi- 
and those signals which represent other, surface anoma- 50 cated in FIG. 2A. The regions of interest in the result- 
lies, such as edges or transitions between convex, con- ing image 62 (or 66) of FIG. 7, which correspond to the 
cave or flat surfaces. Preferably, a plurality of template suspected defect regions 86, 88 and 90 of the composite 
means collectively cooperate as a composite template to binary image 82 in FIG. 5, are each bounded by a chain 
detect a corresponding plurality of defect signal fea- line and indicated by reference numerals 86', 88' and 9C, 
tares in each resulting image 62 and 66. 55 respectively. The letter "B" within a pixel 54 in FIG. 7 

Each of the first and second filtered images 72 and 74 represents a black pixel and the letter "W" within a 
is converted from a gray scale image to a respective first pixel 54 represents a white pixel in the resulting image 
and second binary image 76 and 78 by thresholding. A 62. The black and white pixels 54 indicated in FIG. 7 
selected gray scale threshold intensity value or level is may actually be some intermediate gray scale intensity 
determined by evaluating test blocks or test samples 60 but will appear to be either predominantly black or 
with known defect sizes to provide optimum detection predominantly white. 

of defects having a desired size or HimpTgnrmg and to Referring also back to FIG. 2B, in accordance with 
minimis false indications of defects caused by other the present invention, a symmetrical coefficient for each 
anomalies in the surface of the dovetail slot 14. There- suspected defect region is calculated from the pixel 
fore, the gray scale threshold level is determined as a 65 intensities within each region 86', 88' and 90', block 92. 
function of the size of the defect desired to be detected To calculate the symmetrical coefficient, each sus* 
and the desired POD and confidence level The gray pected defect region 86', 88' and 90/ is vertically and 
scale images are converted to binary images by assign- horizontally bisected as represented by respective bro- 
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ken lines 93 and 94 in each of regions 86', 88' and 90* of 
FIG. 7. The symmetrical coefficient is a measure of the 
symmetry of the gray scale pixel intensities on opposite 
sides of each of the vertical bisecting lines 93 and hori- 
zontal bisecting lines 94 for each of the regions of inter- 5 
est 86', 88' and 90\ The symmetrical coefficient is deter- 
mined by calculating a first percentage of correspond- 
ing pixels 54 on opposite sides of vertically bisecting 
line 93 which have substantially the same gray scale 
intensity and by calculating a second percentage of 10 
corresponding, pixels 54 on opposite sides of horizon- 
tally bisecting line 94 which have substantially the same 
gray scale intensity for each region of interest 86 r l 88' 
and 90*; the first and second percentages for each region 
are then multiplied to provide a symmetrical coefficient is 
for each respective region 86', 88' and 90'. The coeffici- 
ent of symmetry can range from a + 1 which represents 
an ideal symmetrical region to a — 1 which represents a 
non-symmetrical region. Region 90' in FIG. 7 is an 
example of an ideal symmetrical region while regions 20 
86' and 88' represent some percentage of complete sym- 
metry between the range from -f 1 to — 1. 

For each region of interest 86', 88' and 90' in the 
resulting image 62, an integrated signal is also calcu- 
lated, block 95 in FIG. 2B, from the gray scale intensity 25 
values of each pixel 54 within each of the regions of 
interest The integrated signal 95 is the sum of all gray 
scale pixel values within the boundary of each of the 
regions of interest 86*, 88' and 90'. 

In accordance with the present invention, a defect 30 
signal is calculated, block 96 in FIG. 2B, from the sym- 
metrical, coefficient 92 and the integrated signal 95 for 
each region of interest 86', 88' and 90*. The defect signal 
96 is referred to as AHAT (a) and is calculated in accor- 
dance with the following equation: ^$ 

/4£L4r-f (Symmetrical Coef^X (Integrated - 
Signal)7x(Area of Region)^ 

where a, y and 0 are determined by applying the 
method of the present invention to test parts or samples 
having defects of known dimensions and shapes formed 40 
therein to provide sufficient detection sensitivity, at a 
desired POD and confidence level, with the minimum 
number of false calls or indications that a defect is pres- 
ent when not. Values of a=l, and y=i were 
determined empirically to provide superior detection 45 
results when detecting defects in dovetail slots as small 
as about 4 mils with a POD of about 95% and a confi- 
dence level of about 50%. The defect signal 96 or 
AHAT is compared against a reference value or POD 
threshold, block 97 in FIG. 2B, and the component is 50 
rejected if AHAT exceeds this reference value, block 
98. If the POD threshold is not exceeded then a deter- 
mination is made as to whether all slots 14 have been 
inspected, block 99. If additional slots 14 need to be 
tested, the process described hereinabove is repeated to 55 
inspect the next slot, block 100, until all dovetail slots 14 
of disk 12 have been designated as the test slot 60 and 
have been inspected. A slot 14 which has already been 
scanned but was previously selected as a reference slot, 
blocks 58 and 64 of FIG. 2A t would not necessarily 60 
have to be scanned again in the interest of efficiency. If 
all slots 14 are inspected without AHAT exceeding the 
POD threshold then the component 12 is accepted, 
block 101. 

Values for AHAT have been computed for various 65 
known defect or crack lengths in mils, predeterrnined 
probabilities of detection (POD) and confidence levels 
for different materials. The AHAT values have been 
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plotted against the crack. lengths to provide standard 
POD curves or graphs for different materials for use in 
the industry. As an example, a POD curve 102 for in- 
specting dovetail slots made of Rene 88 is shown in 
FIG. 8. Thus, the defect signal or A}{AT calculated in 
block 96 can be plotted on a POD curve, similar to 
graph 102, for the particular material and component 
under inspection according to the estimated length of 
the crack as determined from the length of the sus- 
pected defect region as measured from the resulting 
image 62 shown in FIG. 7. Therefore, if the AHAT 
value is on or above the curve 102 shown in FIG. 8 then 
the component 12 is rejected; if AHAT is below the 
curve 102 then the next slot 14 is inspected until all the 
slots 14 have been tested. If all slots 14 pass, then the 
component 12 is accepted. For example, assume that 
AHAT for region 90' in FIG. 7 is calculated to be about 
4,000 using the equation indicated hereinabove; addi- 
tionally, assume that the crack length within the region 
of interest 90* is estimated from the resulting image 62 to 
be about 5 mils. This corresponds to point 104 in FIG. 
8 which is greater than the POD curve 102; therefore, . 
the component would be rejected. 

While the present invention was described with re- 
spect to inspecting dovetail slots formed in a disk of a 
gas turbine engine, those skilled in the art will readily 
recognize that the present invention is not limited to 
inspecting dovetail slots but that the invention can be 
applied to inspect any conductive workpiece with a 
complex geometric shape. Applying the method of the 
present invention, after scanning the workpiece under 
inspection with an eddy current probe to generate an 
image responsive to the eddy currents induced in the 
workpiece, the difference between a reference image of 
a workpiece having substantially the same geometric 
shape and the generated image of the workpiece under 
inspection is taken to provide a resulting image in which 
signals caused by geometrical characteristics and back- 
ground noise, common to all of the similarly shaped 
workpieces, are substantially reduced or cancelled out 
In accordance with the method of the present inven- 
tion, the resulting image may be converted to a binary 
image to facilitate identification of any suspected defect 
regions and a defect signal may be determined for each 
suspected defect region from a stored version of the 
resulting image. The workpiece is rejected if the defect 
signal exceeds a predetermined reference value. 

Different embodiments and adaptations of the present 
invention besides those shown herein and described, as 
well as many variations, modifications and equivalent 
arrangements will now be apparent and will be reason- 
ably suggested by the foregoing specification and draw- 
ings, without departing from the substance or scope of 
the invention. While the present invention is described 
herein in detail in relation to its preferred embodiments,, 
it is to be understood that this disclosure is only illustra- 
tive and exemplary of the present invention and is made 
merely for purposes of providing a full and enabling 
disclosure of the invention. Accordingly, it is intended 
that the invention is limited only by the spirit and scope 
of the claims appended hereto. 

What is claimed is: 

L A method for inspecting a component having a 
plurality of similarly shaped structural portions, com- 
prising the steps of: 

(a) scanning a surface of at least one of the similarly 
shaped structural portions with an eddy current 
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probe means to induce eddy currents in the compo identifying any sections within the preprocessed 

nent; composite binary image which contain a cluster of 

(b) generating a two-dimensional image of the at least pixels with predominantly all pixels having a p re- 
one portion from eddy current signals received determined binary value; and 

during scanning, the image including a multiplicity 5 identifying any suspected defect regions in one of the 

of pixels arranged in a two-dimensional matrix first and second resulting images which correspond 

array and each pixel having a gray scale intensity to the identified sections in the preprocessed com- 

responsive to the eddy current induced in the com- posite binary image. 

portent at a component location corresponding to a 5. The method of claim 1, further comprising the step 

position of the pixel in the two-dimensional matrix 10 of filtering each of the first and second resulting images 

array; to reduce any signals caused by noise in each image and 

(c) preprocessing the image to substantially reduce to enhance any signals caused by a defect before step 
any signals caused by geometrical characteristics (c5). 

and background noise common to all of the simi- 6. The method of claim 5, wherein the filtering is 

larly shaped structural portions; ^ accomplished by image convolution using a digital fil- 

(d) identifying any suspected defect regions in the ter. 

two-dimensional image from corresponding re- 7. The method of claim 5, wherein the filtering step 

gions in the preprocessed image of step (c); comprises the step of applying a set of predetermined 

(e) determining a defect signal from the gray scale apriori signals to each of the first and second resulting 
intensities for each suspected defect regions in the images by image convolution to extract selected fea- 
two-dimensional image; and tures of any defect signal from each of the resulting 

(0 rejecting the component if any defect signal ex- images, 

ceeds a predetermined reference value, wherein 8. The method of claim 7, wherein the step of apply- 

step (c) comprises the steps of: ing a set of predetermined apriori signals comprises the 

(cl) repeating steps (a) and (b) to generate a two-di- step of providing a template means for comparing at 

mensional image for a second and third similarly least one predetermined apriori signal of a selected 

shaped structural portion; feature to each resulting image. 

(c2) selecting a test portion and an associated test 9. The method of claim 8, wherein image convolution 

image, a first reference portion and an associated ^ comprises the step of providing at least one template 

first reference image, and a second reference por- means for comparatively extracting respective apriori 

tkm and an associated second reference image from features from each resulting image, 

the three similarly shaped portions; 10. The method of claim 9, wherein a plurality of 

(c3) taking a difference between the first reference template means are compared to each of the resulting 

image and the test image to provide a first resulting 35 images, each of the template means being predeter- 

image by taking a difference between the gray scale mined to select at least one specific defect signal feature 

intensity of each pixel of the first reference image from each resulting image. 

and the gray scale intensity of a corresponding 11. The method of claim 10, wherein the plurality of 

pixel of the test image; template means collectively cooperate as a composite 

(c4) taking a difference between the second reference 40 template to detect a corresponding plurality of defect 
image and the test image to provide a second re- signal features in each resulting image, 
suiting image by taking a difference between gray 12. The method of claim 9, wherein the step of corn- 
scale intensities of corresponding pixels of each paratively extracting comprises the step of calculating a 
image; respective correlation coefficient between each signal 

(cS) converting each of the first and second reference 45 feature characterized in the template means and signals . 

images from a gray scale image to respective first corresponding to each of the resulting images, 

and second binary images; and 13. The method of claim 1, further comprising the 

(c6) combining the first and second binary images by step of repeating steps (a)-(f) until all similarly shaped 

a logic AND operation to provide a preprocessed structural portions have been inspected, 

composite binary image. 50 14. A method for inspecting a component having a 

2. The method of claim 1, wherein step (d) comprises complex geometric shape, comprising the steps of: 
the steps of: (a) scanning a surface of the component with an eddy 

identifying any sections within the preprocessed current probe means to induce eddy currents in the 

composite binary image which contain a cluster of component; 

pixels with predominantly all pixels having a pre- 35 (b) generating a two-dimensional image of the com- 

determined binary value; and ponent from eddy current signals received during 

identifying any suspected defect regions in one of the scanning, the image including a multiplicity of 

first and second resulting images which correspond pixels arranged in a twc-<hmensional matrix array 

to the identified sections in the preprocessed com- and each pixel having a gray scale intensity respon- 

posite binary image. 60 sive to the eddy current induced in the component 

3. The method of claim 1, wherein steps (cS) and (c6) at a component location corresponding to a posi- 
are replaced by: tion of the pixel in the two-dimensional matrix 

(C5 1 ) combining the first and second resulting images array; 

to provide a composite image; and (c) preprocessing the image to substantially reduce 

(c6*) converting the composite image to a prepro- 65 any signals caused by geometrical characteristics 

cessed composite binary image. and background noise common to all components 

4. The method of claim 3, wherein step (d) comprises having substantially the same geometric shape by 
the steps of: subtracting a reference image of a substantially 
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identically shaped component from the image gen- which correspond to the identified sections of step 

erated in step (b); (j); 

(d) identifying any suspected defect regions in the (k) calculating a defect signal for each suspected 
two-dimensional image from corresponding re- defect region; and 

gians in the preprocessed image of step (c); and 5 (1) comparing the defect signal for each region with a 

(e) determining a defect sigaal from the gray scale predetermined reference value to determine 
intensities for each suspected defect region in the whether a defect is present in the test slot at a loca- 
two-dimensional image; tion corresponding to the suspected defect region. 

(f) rejecting the component if any defect signal ex- 17. The method of claim 16, further comprising the 
ceeds a predetenrjined reference value, 10 s tep of filtering each of the first and second resulting 

converting the preprocessed image from a gray scale images before step (g), to reduce signals caused by noise 

image to a binary image; in each image and to enhance any signals which may be 

identifying any sections within the binary image caused by a defect, by image convolution using a digital 

which contain a cluster of pixels with predomi- filter. 

nantly all pixels having a predetermined binary 15 is* The method of claim 17, wherein the step of filter- 

vdue; 3X1(1 . . ing includes convoluting each of the first and second 

identifymg any suspected defect regions in the pre- resulting images with a 7x3 digital filter, 

processed image which correspond to the identi- w ^ method of cIaim 18> wherem me 7x3 

fied sections m the preprocessed composite binary mter ^ ^ followmg ^ array, 
image. 20 

15. The method of claim 14, further comprising the 

step of filtering the preprocessed image before convert- 0 0 0 1 0 0 0 

ing to a binary image, to reduce any signals caused by -1 0 0 0 0 0 1 

noise and to enhance any signals caused by a defect 000-1000. 

16. A method for inspecting dovetail slots of a gas 25 

turbine engine component, comprising the steps of: 20. The method of claim 16, further comprising the 

(a) scanning a surface of a dovetail slot with an eddy step of applying a digital filter to the composite binary 
current probe means to induce eddy currents in the image after step (h) by image convolution, 
component; 21. The method of claim 20, wherein the digital filter 

(b) generating a two-dimensional image of the dove- 30 ^ a 9x2 filter having the following matrix array: 
tail slot surface from eddy current signals received 

during scanning, each image including a multiplic- 
ity of pixels arranged in a two-dimensional matrix 1 1 1 1 l 1 1 
array and each pixel having a gray scale intensity 1 1 1 1 1 1 1. 
responsive to the eddy current induced in the com- 35 

ponent at a component location corresponding to a 22. The method of claim 16, wherein step (k) com- 
position of the pixel in the two-dimensional matrix prises the steps of: 

array; (kl) calculating a symmetrical coefficient for each 

(c) repeating steps (a) and (b) to generate a two-di- suspected defect region of step (j) from the gray 
mensional image for three dovetail slots; 40 scale. intensities within each respective region; and 

(d) selecting a test slot and an associated test image, a (k2) calculating an integrated signal for each sus- 
first reference slot and an associated first reference pected defect region of step (j) from the gray scale 
image, and a second reference slot and an associ- intensities within each respective region. 

ated second reference image from the three dove- 23. The method of claim 22, wherein step (kl) com- 

tail slots; 45 pr ises the steps of: 

(e) taking a difference between the first reference bisecting each suspected defect region along a first 
image and the test image to provide a first resulting selected dimension of each region; 

image by taking a difference between the gray scale calculating a first percentage of corresponding pixels 

intensity of each pixel of the first reference image m each half G f each region which have substan- 

and the gray scale intensity of a corresponding 50 tially the same gray scale intensity; 

pixel of the test image; bisecting each suspected defect region along a second 

(f) taking a difference between the second reference selected dimension of each region; 

image and the test image to provide a second re- calculating a second percentage of corresponding 

suiting image by taking a difference between gray pixels m each half of each region bisected by the 

scale intensities of corresponding pixels of each 55 sccond dimension which have substan- 

ima £ e * tially the same gray scale intensity; and 

(g) converting each of the first and second resulting multiplying the first and second percentages of each 
images from a gray scale image, to respective first reg ion to provide a symmetrical coefficient for 
and second binary images by thresholding; each reg j 0 n 

(h) combining the first and second binary images by a 60 24. The method of claim 22, wherein the defect sigaal 
logic AND operation to provide a composite bi- for ^ ^on is equal to AHAT and AHAT is deter- 

/ . x n ^ y ™^ ge; . . , . . . . . mined according to the followmg equation: 
0) identifying any sections within the composite bi- 

nary image which contain a cluster of pixels with ^^(symmetrical coefficient) 0 x (area of the 

predorninantly all pixels having a predetermined 65 suspected defect region)^ x (integrated signal)?. 

binary value; 

(j) identifying any suspected defect regions in one of 25. The method of claim 24, wherem a—\, £=J, and 

the first and second resulting images of step (e) y=i- 
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26*. The method of claim 16, further compraing the 
step of repeating steps (a)-{l) until all dovetail slots have 
been inspected. 

27. The method of claim 16, further comprising the 
steps of: 5 

estimating a possible defect length for each suspected 

defect region; 
plotting a point on a probability of detection POD 

plot which corresponds to the defect signal versus i0 

the defect length for each suspected defect region; 

and 

rejecting the component if the plotted point for any 
suspected defect region exceeds a threshold curve 
of the POD plot 15 

28. A method for inspecting gear teeth and the like of 
a component, comprising the steps of: 

(a) scanning a surface of a gear tooth with an eddy 
current probe means to induce eddy currents in the 
component; 

(b) generating a two-dimensional image of the gear 
tooth surface from eddy current signals received 
during scanning, each image including a multiplic- 
ity of pixels arranged in a two-dimensional matrix ^ 
array and each pixel having a gray scale intensity 
responsive to the eddy current induced in the com- 
ponent at a component location corresponding to a 
position of the pixel in the matrix array; 

(c) repeating steps (a) and (b) to generate a two-di- 30 
mensional image for three gear teeth; 

(d) selecting a test tooth and an associated test image, 
a first reference tooth and an associated first refer- 
ence image, and a second reference tooth and an 
associated second reference image from the three 35 
gear teeth; 

(e) taking a difference between the first reference 
image and the test image to provide a first resulting 
image by taking a difference between the gray scale ^ 
intensity of each pixel of the first reference image 
and the gray scale intensity of a corresponding 
pixel of the test image; 

(0 taking a difference between the second reference 
image and the test image to provide a second re- 45 
suiting image by taking a difference between the 
gray scale intensities of corresponding pixels of 
each image; 

(g) converting each of the first and second resulting 
images from a gray scale image to respective first 30 
and second binary images by thresholding; 

(h) combining the first and second binary image by a 
logic AND operation to provide a composite bi- 
nary image; 55 

(i) identifying any sections within the composite bi- 
nary image which contain a cluster of pixels with 



predominantly all pixels having a predetermined 
binary value; 

0) i de nti f ying any suspected defect regions in one of 
the first and second resulting images of step (e) 
which correspond to the identified sections of step 

a>, 

(k) calculating a defect signal for each suspected 
defect region; and 

(1) comparing the defect signal for each region with a 
predetermined reference value to determine 
whether a defect is present in the test tooth at a 
location corresponding to the suspected defect 
region. 

29. The method of claim 28, further comprising the 
step of filtering each of the first and second resulting 
images before step (g) t to reduce signals caused by noise . 
in each image and to enhance any signals which may be 
caused by a defect, by image convolution using a digital 
filter. 

30. The method of claim 28, further comprising the 
step of applying a digital filter to the composite binary 
image after step (h) by image convolution. . 

31. The method of claim 28, wherein step (k) com- 
prises the steps of: 

(kl) calculating a symmetrical coefficient for each 
suspected defect region of step © from the gray 
scale intensities within each respective region; and 

(k2) calculating an integrated signal for each sus- 
pected defect region of step (j) from the gray scale 
intensities within each respective region. 

32. The method of claim 31, wherein step (kl) com- 
prises the steps of: 

bisecting each suspected defect region along a first 
selected dimension; 

calculating a first percentage of corresponding pixels 
in each half of each region which have substan- 
tially the same gray scale intensity; 

bisecting each suspected defect region along a second 
selected dimension; 

calculating a second percentage of corresponding 
pixels in each half of each region bisected by the 
second selected dimension which have substan- 
tially the same gray scale intensity; and 

multiplying the first and second percentages of each 
region to provide a symmetrical coefficient for 
each region. 

33. The method of claim 31, wherein step (k2) com- 
prises the step of summing the gray scale intensities of 
all pixels within each individual suspected defect region 
to provide an integrated signal for each region. 

34. The method of claim 31, wherein the defect signal 
for each region is equal to AHAT and AHAT is deter- 
mined according to the following equation: 

>4iWT= (symmetrical coefficient) 0 X (area of the 
suspected defect region)^ X (integrated signal)?. 
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